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(54) A HYDROCARBON MASS FLOW METER 




(57) Appareil de mesure qui utilise le rapport direct entre 
density et la constante dielectrique des > melanges 
d'hydrocarbures en vue d'ameliorer settlement .la 
capacite de mesure de certains des appareil* extstants 
utilises dans 1'industrie petroliere. Entre autre* 
applications, 1'appareil pent etre utilise comme 1) un 
debitmetre massique multiphase (20) des 
hydrocarbures utilise avec des melanges multiphase* de 
petrole, d'eau et de gaz, et 2) un appareil a auto- 
etalonnage continu de mesure de la teneur en eau utilise 
pour effectivement determiner la teneur en eau 
d'ecoulements de petrole brut. 



(57) A measurement apparatus which utilizes the direc 
relationship between the density and dielectric constant 
of hydrocarbon mixtures to significantly improve upon 
the measurement capabilities of some existing devices 
used in the petroleum industry. Included among the 
applications of the apparatus are 1) a multiphase 
hydrocarbon mass flow meter (120) for usage with 
multiphase mixtures of oil, water, and gas and 2) a 
continuously self-calibrating water cut meter for 
determiningthewater content of liquid crude oil streams. 
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. m on relates to the field of meters and 
This for conti nuously measuring the 

now rate of mixtures containing 



" ■ -a ■ ^ aaQ flow rate ot rnxxtuio - 

co^osit^n^ and mass ^ £ apparatuB have be e„ 

hydr o=arb^s. Many ^ ^ cont „ ly meas uring water 
proposed and are 9q on ^ bydrocarbon or 

content, density, ° . ^ suffer from a 

hydrocarbon and water ^xtures neasuri „g 
X6 nwtoer of limitations caused by dxf icul ^ 

mixtures containing Ixq^d and g ^ 
associated with variations » L^ition of 
hydrocarbon being measured Measur s ^ 
: : : m , water, and ^ sutures ^ as mu ltiphase 

15 this purpose are ^VP«aUy ^ 4 .4S8,524 and 

composition meters- See u.s 
4,760,742 and O.K.- Patent 2,2X0,461. 

. entice in the oil industry for measuring the 
The current pracyc^ nd being produoed ^ a given 

quantises of pU .water co 3 9eparate the components in a 
20 well or group o^weUs > ^ individu ally. The 

separator and -measure ^ ^ intensive , md 

separators are la^e e^en ^ Qnly >t long 

^ically XtontCls -ultipbase meters to replace the 
intervals. *" h ^f^ can ^tically improve the crude 
" ^ a^ rS ^rr S production process, particularly 

offshore production. 
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Mos t proposed multiphase •T^^^.tST- 
continuously measure the volume racoon of o , 
gas being produced. The common eter an . 
with a flowmeter such chat production rates ^ 
s components can be caicuiated. One va»^y P ^ 
multiphase composition meter combines a dielectr 
""1 p „„ „ lth a density measurement means. See. 

measurement means « h a *™ J ^ devices take 

t or example 0.8. Patent ^ 

TTlaler an ga respectively, to determine their 
10 of oil, water, ana gas, „ reBSUre sensors are 

volume fractions. Temperature and the9e 
included in the metering package to facilita 
calculations. 

X. order for them to function ^^ZtZTZ 
15 calculate the dielectric constants J^^T^^. 
tnr ee individual components at the meas 

Th is is impossible. J™^* butane , and pe ntane 

hydrocarbon * ^ iquid or a gaseous state 
among them) can exist ^ «th« <J» Ther efore, the 

20 at pressures between 20 and W atm. ^ 
fundamental methods and g^T^J^ produc tion 
^ermine the c^sxtion of he P^ ^ ^ 

streams are ^ ' of oil , Mater , and 

; T^t^T^ «^ each hydrocarbon constituent 
25 fsYn ^1^ or gaseous phase at any given time. Such 
formation is not available on a continuous basxs. 

-ther important measurement problem. --^^ 

the accurate ^^J^ dlrec tly affects the 
30 crude oil streams ... been developed 

priC e paid for crude 

to continuously measure the wat commonly 
3 498,112 and 4,862,060 for examples. Them °^ C 
3,49»,xi device for this application is a 

used measurement device die lectric constant of 

^ ^-a.^ which measures the aieiectrx^ ow 
35 capacitance meter which ^ 

the mixture to determine its water 
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b esides capacitance meters ^^^^Z 
for measuring the. water concent of crude or . 
various microwave meters. A common problem for all o 
aevices is that the density and dielectric 
5 crude oil vary over time. These variatrons result drrectly 
in significant measurement error. 

o.^rv of Mr Tr"""tt°n 

L0 :So^: u— . ^ - 

consider the Hydxocar^n 1 ^ and gases^a ^ 

° 0mPO TiormetTr U ™ £ determine the volumetric 
i n nd ST density of the hydrocarbon, i.e. the mass 
fraction * mahaY . ia i in a multiphase mixture and the 

I5 of the ^ : ith t „is information 

water content of the mixture. „^ ror Mv 
wafcei . ... t,a«»Y- can more correctly 

r,ii ia flow rate information, the user can mo 
plus flow ra ^ ^ produced at 

determine how much oil ana y 
standard conditions. 

llHnhase hydrocarbon mass meter to be used in 
30 Therefore • -^TjJ multiphase prod uction lines is 
crude or nature^ o£ this invention 

consxdered desirable ^ ^ ^ a density 

combmes a JUe^ctr ^ . ^ measurement means to 

. "-suremen, means ^d w mase f iowing through 

25 TZZ The present invention utilises a heretofore 
v 1 relationship between the density of a hydrocarbon, 
r i lif gas or a combination thereof, and its 
whether liquid, gas o* 

dielectric constant. 

ni-^haae hydrocarbon mass meter, an improved 
30 - » ith / h ^ e X Ce r ^t.nt (i.e., a water cut meter, 
Teh clsTsTof a conation of a dielectric measurement 
whxch consists ^o means, and a temperature 

means, a density ' continuously correct 

measurement means makes it possiDie i. 
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the water cut meter for variations in the oil's f™£ e 
properties. Confining this improved water cut meter with a 
7Z meter gives the additional possibility of 
totalizing the production rates of the oil 
5 terms of volume or mass per unit of time and 

measuring the crude oil quality which i^irectlyre ated to 
its density. This improved water cut meter is useful with 
crude oils, gas condensates, and liquid natural gases. 

It is an object of the invention to provide - improved 

10 multiphase measuring apparatus for measuring the 

Instantaneous hydrocarbon mass and mass flow 

oil or natural gas production line containing primarily oil. 

water, and gas. 

lt is an object of the invention to provide » 
IB which includes measurement means for measuring mixture 
dielectric constant, density, and temperature. 

It is an object of the invention to provide an apparatus for 
determining the instantaneous hydrocarbon mass 
the apparatus in accordance with the measured dielectric 
20 constant, density, and temperature. 

It is an object of the invention to provide an apparatus 
which includes an instantaneous hydrocarbon mass meter and 
;. a flow rate meter. 

It is an object of the invention to provide an apparatus for 
25 determining the hydrocarbon mass flow rate in accordance 
with the measured instantaneous hydrocarbon mass and its 



flow rate. 



30 



It is the object of the invention to provide an improved 
^ ter 1 meter for continuously 

a „d liouid hydrocarbon density in a crude oil or liquid 
:fturaTgas product line containing primarily liquid 

hydrocarbon and water. 
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which continuously cal ^" te ; i i ; 3 h ; 1 d £ rocarbon so a8 to more 
dielectric constant of the li^u d hy ^ ^ 

accurately measure the water 
hydrocarbon . 

It is an object of the invention to provide an apparatus 
l=h chines the self-calibrating water cut meter wrth a 
flow meter. 

* -invention to provide an apparatus for 
It is an object of the invention to P volume tric 

*~r^z ^tsrjrrr^oXce r 

5 ZZ^l™^, li^uia hydrocarbon density, and flow 



rate. 



, 2 are plots of the square root of the 

20 ■ -SSU stL versus hydrocarbon density for li^a 
hydrocarbons and hydrocarbon/gas mixtures, respect.vely. 

, . . a bl o C k diagram of a multiphase hydrocarbon mass 
Z^oZ^^c with the present invention. 

Figure * is a block diagram of a hydrocarbon mass flowmeter 
25 oo r tr ucted in accordance with present invention. 

Figure 5 is a block diagram of an improved water cut meter 
conTructed in accoraance with the present inventxon. 

fi is a block aiagram of an oil ana wat r mass flow 
^ ons-cted t accordance with the present invention. 
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T * ory - Prior art multiphase fraction meters which comprise. 

-v,o rt< electric constant and tne 
a device for measuring the re lations to 

density of the mixture implement the following 
5 determine the volume fractions of oil. water, end gas. 



1 = v w + v 0 ■■ + v g 

P.ix - PwVv + PoVo * Pg V 9 
e mix « f (e w ,e 0 ,e g ,V w ,V 0 ) 



Eq. 1 
Eq. 2 
Eq. 3 



where 'w' is the subscript for water, 

LQ » 0 » is the subscript for oil, 

, a . is the subscript for gas, 

, mi x< is the subscript for the multiphase mixture, 
V » Volume fraction, 
p » Density, 
^ '.v./ e - dielectric constant. 

^ t-ioti 3 is any of a number of equations which describe 
Equation 3 is any o dielectric constant of the 

the relationship between the dielectric c . _ f 

" , >h . dielectric constants and volume fractions of 

; ' fixture and the " migh t use the Looyenga 

the components. For examy* 

20 mixing relations 

- (W^W^e, 1 ' 3 )'. 

in these equations, the volume fractions V», V 0 , and V, are 
to be calculated from the measured mixture density p.* and 
dielectr^o constant e^. The dielectric constant and 
dielectric three components vary with temperature and 

25 densities of the^ appropria te values must be 

rr^L. at the mla urement temperature and pressure if 
calculated at th. m ^ ^ ^ physical 

the procedure is to wor^ 9eparate ly do not 

30 Sr^t3££ - assure in an unpredictable 
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fashion. But. such is not the case. Several of the 
hy drocarbon components can he in either he U^d 
gaseous state at higher pressures; therefore, 
gas densities and dieiectric constants axe unsown at high 

5 pressure. 

The method and apparatus of this invention differ from this 
Ulrd approach hy considering the oil and gas component 
as a single hydrocarbon material with an unknown density ana 
as a srngie y _ inven tion utilizes the principle 

dielectric constant. The invent hydro carbons 
i, that the dielectric constant * to one 

produced by oil wells can be directly re 
another. This is true if the hydrocarbon is liquid, gas. 
a combination thereof. 

This principle is illustrated in Figures 1 and 2. Figure! 

A linear curve fit is also shown in «»*>*«•■ J£ £"' f 
density hydrocarbon is pentane with a density 
density ny highest density hydrocarbon is 

approximately 0.67 g/ml. Tne mgu<= .„„„■.,, 0 a 2 

SO a heavy crude oil having a density of approximately 0.92 
a/ml included among the hydrocarbons shown in Figure 1 are 
g/ml. Incluaea * individual hydrocarbon 

crude oils. 3- condensates. root o£ the 

sss; 'SS * *— * ° f hyarocarbon iiquid9 

25 are line rly related with the zero density intercept being 
T in other words, as the density approaches zero, the 
iele^r constant approaches 1 which is - dielectric 
constant of vacuum which has a density of zero. 

30 .LS^i^K^ -ction of gas extends from 



0 to 55%. 



Here too the relationship betw en the square root of the 
dlelec^c constant and the density is linear and the zero 
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■ , in this case, the dielectric 
density intercept is 1 . 1.0005. 
constant o£ the gas is approximately equal 

= fit* in Figures 1 and 2 are virtually 
The linear curve fit* .in Fig ^ ^. eB 

identical. In pract-e ch e op g ^ imporcant 

slightly with ^ hydrocarbon . whether liquid, 

principle that the density of hy accura tely to 

its dielectric constant Th i s £ P ^ ^ 

of this invention. ^ *£* C * tBntvie (to our knowledge) 

or water cut meters. 

instead of measuring oil. wauB ' 
pressure. Insteaa v. instead measure 

^ V - S2Sr B -TL^-« of the 
hydrocarbon and water hydrocarbon mass meter 

hydrocarbon; i.e., the * hydrocarbon being 

0 oontinuously ^f^.^ tloo . , to 3, the multiphase 

produced, ^^^"^r^e a measurement procedure 
hvdrocarbon mass meter wouj.u 

Illustrated by the following relations: 



Eq. 4 
Eq. 5 
Eq. 6 



i « v w + v hyd 

, hy d' is the subscript for hydrocarbon. 

\a * e anv of a number of equations which 
Eq uation 4 between the Electric constant of 

30 ^"eLc constant and voiume fractions 



where 
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„ tB The following relation could be used for 
of its components. Tne tonu a 

example : 

e ro iK^V w e w l ' 3 W hyd e hyd 1/J l J . 

, ■ .u a rp are three unknowns: V hyd , Phyd/ and 
I„ Equations ^J\^ et!lM and the density of the 

5 B t '1 related "sing the principle illustrated 

hydrocarbon can be rex«v.« 

in Figures 1 and 2, namely: 

Eq. 7 

* /e hyd - <A*p hyd ) ♦ 1 

, A ; i8 -a constant which is a function of 

Mature. For one ^^^^ and 

^ ~# cKp curves shown in Mgui«==» 
is the slope of the curves 



where 



2. 



09i „ g this relation, the cogent relations reduce to the 
following three equations: 

Eq. 8 

iS 1 = VV+ Vbyd 

Eq. 9 

"■- PvVw + Phyd v hyd 

Eq. 10 

e«»ix - f <ewvPfayd' V «' Vh y d ' 

S ine mixture dielectric constant (e aix > and 
: Thus, by measurxng the mxxt^ ^ ^ the dielectrxc 

^nixture density (Pmix> of the water at the 

?2b constant ;-^>:^^»^- ^^ui./^ determine the 
I measurement temperature, hydroC arbon density (P hy d> 

hydrocarbon fractxon (V, yd ) ^ ^ ^ multipha se 

in the ^^hich measures both the instantaneous 

hydrocarbon mass meter^x mu ltiphase mixture and 

:: '2^»?Ss»"-- ,, - !- ""'" 

hydrocarbon and water, respe 
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T he principle of the -"-"^^.^"ZZTJl 
mu ch the sa m e. Water cut meters 

m eas U rement of the dielectric P^ rties ° £ '^V 
hyd rocarbon a. 7Z -- jo =ria -; uch a8 

5 . SSLrriT««- - — have : 



e rai x ■ f (e«.e 0 ,-V w ,V 0 ) 



Eq. 11 



where 'W is the subscript for water, 
'o' is the subscript for oil, 
10 <mix< is the subscript for the multiphase mixture, 

V - Volume fraction, 
e = dielectric constant. 

nation XX could be any of a nunber of dieiectric m ixin 9 
laws such as: 

for ----t Srr 1 ^ 

; , case . The dieiectric ^^tion is even 

20 produced by measured is the 

«elis. For copied 

Sl9 a lf "vary *^ SZ o-re, .eans that 

25 s,* - — *° - aeuver su£fioient r ra 0 u 

. for "a ny of the »ore crucial applications xn the oxl 
industry. 

^ of the close relationship between 

°" ^ TdenX ^d dielectric constant as illustrated 
30 hydrocarbon densxty and combining a density 
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means and temperature measurement means, one can ^correct for 
variations in the hydrocarbon dielectrxc ™' * 
determining its density continuously. One has the followxng 
relations : 

Eq. 12 

5 1 » V w + V c 

Eq. 13 

Pmia a Pw V v * P P V o 

Eq. 14 

©mix * f fevf e o' V v' V o> 

" \ •• Eq. 15 

W:^ is a function of 



Bv combining the density measurement means, the dielectric 
By combining . ^ ^ . relations, the improved 

measurement means and by using a .....^ 

l ter cut is able to use the density information to adjust 
Ihe dielectric constant of the crude oil as it changes over 

is time in other words, by simultaneously solvxng the 
relations for water cut and mixture density as » 

& Bouations 13 and 14, the improved water cut meter calibrates 
^1 for changes in the oil's dielectric properties over 
t ime' This is what is meant by self -calibrating water cut 



20 meter. 



25 



30 



relation between a hydrocarbon's density and its dielectrxc 
constant as shown in the foregoing theoretical sectxon xs 
ZZ Tn this embodiment of the present invention as a means 
of determining hydrocarbon mass and mass flow rate. 
reference to Figure 3. the production stream consxst ng^f 
water crude oil. and gas. flows through a multiphase 
water, cru designated by the num ral 

hvdrocarbon mass meter gen rax-iy » 

10 Apparatus 10 includ s a fluid flowing conduxt 20 
throuoh whTch the mixture passes. The mixture to be 
^red rnTy be conducted through conduit 20 on a continuous 
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basis and conduit 20 may comprise part o£ a mixture 
transmission pipeline. Temperature measurement means 30 
measures the temperature ' T' o£ the mixture. » 
pressure measurement means 40 measures the pressure P of 
S the mixture. Apparatus 10 includes a dielectric measurement 
means 50 for measuring the dielectric properties e of the 
mixture. Dielectric measurement means SO may be any of a 
variety of devices for measuring the dielectric properties 
of flowing material such as a capacitance meter ■« a 
10 microwave meter. Apparatus 10 includes a density 
measurement means 60 which measures the density -D of the 
mixture. Density measurement means 60 may be any device 
capable of measuring the density of multiphase mixtures. 
One such device would be a gamma densitometer. 

IS Temperature measurement means 30, pressure measurement means 
40. dielectric measurement means 50. and density measurement 
••r -^-w are connected to multiphase hydrocarbon ^ mass 
measurement means 70 and provide signals corresponding to 
the measured T. P. e, D values. Multiphase hydrocarbon mass 
20 measurement means 70 calculates the 

dielectric constant for the water from the measured 
temperature (and pressure) . From these vales and e and D. 
multiphase hydrocarbon mass measurement means 70 provides an 
indication of the volumetric water content, the volumetric 
25 hydrocarbon content, and the hydrocarbon density. The 
' product of the hydrocarbon density and the hydrocarbon 
volumetric content is equal to the hydrocarbon mass M . 

Referring now to Figure 4, multiphase hydrocarbon mass meter 
80 is connected to a flow rate measurement means 110 with a 

30 pipe section 100. The combined apparatus is a ^phase 
hydrocarbon mass flow meter and is designated as 120 The 
biphase mixture can flow freely through the multiphase 
hydrocarbon mass flow meter 120. Flow rate -asurement 
m eans 100 measures the flow rate V of the mixture as it 

35 passes and provides a corresponding flow rate signal to 
multiphase hydrocarbon mass measurement means 90. 
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Multiphase hydrocarbon mass measurement means 90 provides an 
indication of the hydrocarbon mass flow rate in accordance 
with the received signal V and the measured value M. 

Numerous variations and modifications can be made without 
5 departing from the invention. For example, many types of 
temperature measurement means, pressure measurement means, 
dielectric measurement means, density measurement means, or 
flow rate measurement means could be used as components of 
the multiphase hydrocarbon mass flow meter. M °« over ' 
• J m or 90 could take on many 

10 design of measurement means 70 or 90 coui 

forms. Different combinations of analog to digital 
converters, digital to analog converters, comparators, look 
up tables, microprocessors, etc., could be used to determine 
the instantaneous hydrocarbon mass and mass flow rate from 
15 the input signals. Accordingly, it should be clearly 
understood to anyone skilled in the art that the form of the 
invention described above and shown in the figures is 
general in nature and not intended to limit the scope of the 
" invention to any specific component measurement means within 
V' 20 the scope and spirit of the appended claims. 

Self-Calibrating Water Cut Meter - The novel relation 
v. between a hydrocarbon- s density and its dielectric constant 
as shown in the theoretical section is used in this 
embodiment of the present invention as a means of 

' . . iw= water cut corrected for the changing 
25 determining the water cut cox ... 
- ; dielectric constant of the liquid hydrocarbon. In addition, 
the relation makes possible the continuous determination of 
the density of the hydrocarbon, corrected for the water 
content, and its mass flow rate. In illustrating tbxs 
,. 30 embodiment, reference will be made to Figures 5 and 6. 

■ With reference to Figure 5. the production stream 
consisting of water and liquid hydrocarbon such as crude 
> oil ^ S or flows through a self -calibrating wat r cut 

meter generally designated by the numeral 210 . Apparatus 
210 includes a fluid flowing conduit 220 through which the 



35 
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mixture passes. The mixture to be measured may be conducted 
through conduit 220 on a continuous basis and conduit 220 
may comprise part of a mixture transmission pipeline. 
Temperature measurement means 230 measures the temperature 
5 'T» of the mixture. An optional pressure measurement means 
240 measures the pressure 'P' of the mixture. Apparatus 210 
includes a dielectric measurement means 250 for measuring 
the dielectric properties 'e< of the mixture. Dielectric 
measurement means 250 may be any of a variety of devices for 
10 measuring the dielectric properties of flowing materials 
such as a capacitance meter or a microwave meter. Apparatus 
210 includes a density measurement means 260 which measures 
the density 'D' of the mixture. Density measurement means 
260 may be any device capable of measuring the density of 
15 multiphase mixtures. The density measurement means could be 
a gamma densitometer, a Coriolis Meter, or a vibrating fork 
densitometer, for example. 

Temperature measurement means 230, pressure measurement 
means 240, dielectric measurement means 250, and density 
measurement means 260 are connected to water cut measurement 
means 270 and provide signals corresponding to the measured 
T, P, e, D values. Water cut measurement means 270 
calculates the correct density and dielectric properties for 
the water from the measured temperature (and pressure). 
From these values and e and D, water cut measurement means 
'270 provides an indication of the instantaneous water cut 
'W and the hydrocarbon density 'B' in conduit 220. 

Referring now to Figure 6, water cut meter 280 is connected 
to a flow rate measurement means 310 with a pipe section 
30 300. The combined apparatus is an oil and water mass flow 
tneter and is designated as 320. The water and oil mixture 
can flow freely through the crude oil mass flow meter 300. 
Flow rate measurement means 310 measures the flow rate V of 
the mixture as it passes and provides a corresponding flow 
35 rate signal to water cut measurement means 290. Water cut 
~~ measurement means 290 provides an indication of the 
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hydrocarbon mass flow rate in accordance with the received 
signal V and the measured values W and B. In fact, the 
hydrocarbon mass flow rate is the product of V x B x (1-W) . 

Numerous variations and modifications can be made without 
5 departing from the invention. For example, many types of 
temperature measurement means, pressure measurement means, 
dielectric measurement means, density measurement means, or 
flow rate measurement means could be used as components of 
the hydrocarbon mass flow meter. Moreover, the design of 
10 measurement means 270 and 290 could take on many forms. 
Many different combinations of analog to digital converters, 
digital to analog converters, comparators, look up tables, 
microprocessors, etc., could be used to determine the 
instantaneous hydrocarbon mass and mass flow rate from the 
15 input signals. The basic concept of using the density 
signal to correct for the changing dielectric constant of 
one of the base components of a mixture could be used for 
more accurately determining the composition of any mixture 
containing a high dielectric constant material such as water 
20 in a low dielectric constant material such as oil. 
Accordingly, it should be clearly understood to anyone 
skilled in the art that the form of the invention described 
above and shown in the figures is general in nature and not 
intended to limit the scope of the invention to any specific 
25 component measurement means within the scope and spirit of 
-<»' the appended claims . 
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l. An apparatus for measuring the mass of hydrocarbon 
contained in a crude oil or natural gas production stream 
consisting primarily of crude oil, water, and gas, such 
5 apparatus comprising: 

means forming a measurement section including a conduit 
for conducting a fluid mixture therethrough; 

first measuring means mounted at said measurement 
section for measuring a temperature of the mixture and for 
10 generating a first signal representing said temperature; 

second measuring means mounted at said measurement 
section for measuring the dielectric constant of the mixture 
and for generating a second signal representing said 
dielectric constant; 
15 third measuring means mounted at said measurement 

section for measuring, a density of the mixture and for 
generating a third signal representing said density; 

means connected to said first, second, and third 
measuring means for receiving said first, second, and third 
20 signals, respectively, and, based upon said signals and upon 
the predetermined relation between hydrocarbon density and 
dielectric constant, for generating a first output signal 
representing the volumetric water content of the mixture, a 
second output signal representing the volumetric hydrocarbon 
25 content in the mixture, a third output signal representing 
the hydrocarbon density in the mixture, and a fourth output 
signal representing the hydrocarbon mass in the mixture. 

2. The apparatus of claim l, further including: 

a fourth measuring means mounted on the measurement 
30 section for measuring the flow rate of the mixture and for 
generating a fourth signal representing said flow rate; 

wherein said receiving means includes means for 
generating, based upon said first, second, third, and fourth 
signals, a fifth output signal representing a mass flow rate 
35 of hydrocarbons. 
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3. An apparatus for measuring the water content in a liquid 
crude oil or natural gas production stream, such apparatus 
comprising; 

means forming a measurement section including a conduit 
5 for conducting a fluid mixture therethrough; 

first measuring means mounted at said measurement 
section for measuring a temperature of the mixture and for 
generating a first signal representing said temperature; 

second measuring means mounted at said measurement 
10 section for measuring the dielectric constant of the mixture 
and for generating a second signal representing said 
dielectric constant; 

third measuring means mounted at said measurement 
section for measuring a density of the mixture and for 
15 generating a third signal representing said density; 

means connected to said first, second, and third 
measuring means for receiving said first, second, and third 
signals, respectively, and, based upon said signals and upon 
a predetermined relation between hydrocarbon density and 
20 dielectric constant, for generating a first output signal 
representing the volumetric water content of the mixture and 
a second output signal representing the density of the 
hydrocarbon in the mixture. 

4. The apparatus of claim 3, further including: 
25 a fourth measuring means mounted on the measurement 

section for measuring the flow rate of the mixture and for 

generating a fourth signal representing said flow rate; 

wherein said receiving means includes means for 

generating, based upon said first, second, third, and fourth 
30 signals, a third output signal representing a mass flow rate 

of the hydrocarbons. 
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Hydrocarbon Density (15°C) 




Hydrocarbon Density (15 C) Oil + Gas 



Figure 2 
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Figure 4 
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Figure 6 



